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Terahertz (THz) radiation with its spectrum extending up to 1 THz has been observed by an
illumination of femtosecond optical pulses to optical switching devices fabricated on magnetoresistive
manganite thin films; Pr0.7Ca0.3MnO3. The THz radiation strongly depends on temperature T and
its T trend reverses sign across charge-orbital and spin ordering T ’s.
PACS numbers: 75.30.Vn (Colossal magnetoresistance), 42.65.Re (Ultrafast processes; optical pulse genera-
tion and pulse compression), 07.57.Hm (Infrared, submillimeter wave, microwave, and radiowave sources)
The progress of a THz-pulse generation and detection
system using the photoconductive switch excited by fem-
tosecond optical pulses, [1] caused to general apprecia-
tions of this phenomenon and it rapidly gained ground
as a result of many subsequent experimental and the-
oretical efforts. [2] The studies are oriented toward to
the discovery of the THz radiation from various kind of
materials including semiconductors, quantum wells, and
superconductors. [2, 3, 4, 5] The basic mechanism of the
THz radiation from these materials can be understood in
the following classical Maxwell’s equation, [2]
E ∝
∂J
∂t
, (1)
where E is the radiation field at the far-field and J the
current. In other words, the transient current, typically
of the order of subpicosecond, is created by exciting car-
riers with ultrafast optical pulses, which in turn produce
the THz-pulse propagating into the free space based on
Eq. (1). This manifests itself as the optical conversion
via the transient photocurrent by the optical pulses.
In this letter, we show the finding of the THz radiation
from magnetoresistive manganites and also describe how
its characteristics vary with external stimulations. To the
best of our knowledge, the THz radiation from magnetic
materials has not been observed so far.
Hole-doped manganites with a perovskite structure, es-
pecially Pr0.7Ca0.3MnO3 (PCMO) investigated here, has
attracted great interests not only because of their po-
tential applications to colossal magnetoresistive (CMR)
devices but also their following unique features. [6] It
exhibits insulating behavior with temperature T ; charge
and orbital ordering (a checkerboard pattern of Mn3+
and Mn4+ ions with 1:1 ratio) occur at TCO/OO and
CE-type antiferromagnetic ordering develops below TN.
Below TCA, it transforms to the charge-orbital ordered
spin-canted antiferromagnetic insulator. [7] This phase
can be easily melted to the charge-orbital disordered fer-
romagnetic metallic state by external perturbations such
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as magnetic field (CMR effect), [7] stress field, [8] elec-
tric field, [9] other transition metal doping at Mn-site,
[10] electron beam irradiation, [11] X-ray illumination,
[12] and visible-light illumination under an electric field
[13, 14, 15, 16, 17] or a magnetic field. [18] Such dramatic
phase controls of PCMO make them quite useful candi-
date for future applications. [6] Moreover, recent spectro-
scopic studies using pump-and-probe technique revealed
that the fast optical response begins at a characteristic
time of subpicosecond. [17] According to Eq. (1), it is
expected that the THz-pulse can also be generated from
PCMO, however its mechanism is basically different from
semiconductors and the ultrafast optical modulation of
the charge, spin, and orbital ordering may be responsi-
ble for this effect. In this purpose, we found the THz
radiation from PCMO thin films excited by femtosecond
optical pulses.
PCMO thin films on MgO(100) substrates were pre-
pared by pulsed laser deposition technique. Using con-
ventional photolithographic and liftoff techniques, we
formed the optical switching structure coupled to a bow-
tie antenna fabricated on PCMO thin film. It consists of
3 mm long and 200 µm wide gold lines with a gap of 5
µm and a bow-angle of 60◦.
The THz-pulse generation and detection system is as
follows. A mode-locked Ti:sapphire laser was used to
generate 80 femtosecond optical pulses at the wavelength
of 800 nm. The energy of the optical pulse exceeds the
charge-gap energy ∼0.5 eV of PCMO and nearly corre-
sponds to the charge transfer energy from O 2p to Mn
3d band. [19] The pump-pulses chopped mechanically
at 2 kHz were focused into the region of 30 µm in di-
ameter by an object lens on the gap of the bow-tie an-
tenna. In order to enhance the collection efficiency of
the THz-pulse, we attached an MgO hemispherical lens
on the backside of the MgO substrate. [20] The prop-
agated THz-pulse was collimated and focused by a pair
of off-axis paraboloidal mirrors. The THz detector was a
bow-tie antenna made of Au/Ge/Ni alloy lines fabricated
on the low-temperature grown GaAs thin film.
We observed the THz radiation from PCMO thin film
at 23 K under applied voltages of ±32 V and the pump-
pulse energy of 184 mW; the generated electromagnetic
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FIG. 1: (a) The measured THz-pulse in the time-domain of
Pr0.7Ca0.3MnO3 thin film at 23 K under the applied voltage of
±32 V and the pump-pulse energy of 184 mW. (b) Amplitude
spectrum in the frequency-domain obtained by the Fourier
transformation of (a). Data is normalized with the value of
the absolute maximum amplitude.
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FIG. 2: (a) The pump-pulse energy at fixed applied voltages
of ±15 V and (b) the applied voltage at the fixed pump-pulse
energy of 122 mW, dependence of the main peak amplitude
ETHz in the time-domain waveform, measured at 23 K. Data
is normalized with the value of ETHz under the applied voltage
of 15 V and the pump-pulse energy of 122 mW.
waveforms under above conditions are shown in Fig.
1(a). The main peaks were observed at around 24 ps
(zero position in the time-delay is in arbitrary units).
The pulsewidth (full-width at half maximum of the main
peak) is estimated to be 1 ps using a Gaussian profile to
fit the data. The change in the polarity of the applied
voltage caused the reversal of the generated electromag-
netic waveform. It was verified that both the applied
voltage and the illumination of the femtosecond optical
pulses are necessary to generate the THz-pulse.
These phenomena are not due to the local heating ef-
fect by the strong field caused by both the electric field
and the femtosecond optical pulses, because the main
peak amplitude as a function of T changes around elec-
tronic and magnetic transition T ’s as will be shown later.
The time-domain waveform in Fig. 1(a) were Fourier
transformed to the frequency-domain; the obtained am-
plitude spectrum is shown in Fig. 1(b). It extends to ∼1
THz centered at around 0.2 THz. The dips around 0.1
and 0.18 THz can be seen, however the origin of these
structures is not clear at present. The spectrum also
shows an oscillating structure arising from the effect of
multiple reflections of MgO substrate.
To get detailed THz radiation characteristics, we dis-
play in Figs. 2(a) and 2(b), the main peak amplitude
ETHz in the time-domain waveform as a function of
the pump-pulse energy and the applied voltage, respec-
tively. Solid lines show least-squares fits of the data (solid
squares), assuming the linear response for external stim-
ulations. ETHz was found to be a linear function of the
pump-pulse energy at fixed applied voltages of ±15 V
[Fig. 2(a)]. We also found that ETHz depends linearly
on the applied voltage at the fixed pump-pulse energy of
122 mW [Fig. 2(b)].
Our experimental results shown in Figs. 1(a) and 2
suggest that the THz radiation from PCMO can be de-
scribed by the current surge model, [3] which has been
successfully applied to quantitatively explain THz ra-
diation characteristics from a large [3] as well as small
[5] gap semiconductor photoconductive antenna used for
this work.
In our experimental configuration, it is possible to in-
duce the persistent insulator-metal (IM) transition by
the visible light illumination under an electric field.
[13, 14, 15, 16, 17] When the THz-pulse generates and
propagates into free space, we supposed that the persis-
tent IM transition does not occur and which is confirmed
by following experimental observations. First, we did not
observe the threshold behavior for the THz radiation,
which is a typical feature of the photo-induced transition
[13, 21] as shown in Figs. 2(a) and 2(b). Second, we did
not detect the breakdown of the applied voltage during
our measurements as we were simultaneously monitoring
the applied voltage by another voltmeter connected in
the parallel configuration with the sample.
Figure 3 shows T dependence of ETHz at the applied
voltage of 15 V and the pump-pulse energy of 100 mW on
heating runs. During heating process, the position of the
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FIG. 3: Temperature dependence of the main peak amplitude
ETHz in the time-domain waveform at the fixed applied volt-
age of 15 V and the pump-pulse energy of 100 mW. Data is
normalized with the value of ETHz at 23 K.
sample moves due to both the thermal expansion of the
materials and the vibration of the cryostat. Therefore,
we fixed a time-delay at the main peak and subsequently
scanned the sample at each T and the laser spot was
tuned to the center of the gap before taking data. As
clearly seen, ETHz shows an interesting and strong T de-
pendence. The T variation of the absorption coefficient
of this material is negligible at the center of the laser-
wavelength used in the photoexcitation. [19] We found
that ETHz tends to decrease as T is increased around
120 K. For further increase with T , ETHz monotonically
increases up to 230 K. Even at the room T , the THz ra-
diation is clearly observed. These critical points matches
with previously reported values; TCA, TN, and TCO/OO.
[7] Moreover, the slope of ETHz(T ) changes in reverse
around these T ’s.
Recently, Fiebig et al. have reported that, the tran-
sient reflectivity change in single crystals of PCMO oc-
curs rapidly within 1 ps, using the femtosecond pump-
and-probe spectroscopic technique. [17] They interpreted
this fast optical response as the photo-induced melting
of the charge ordered insulating state based on their sys-
tematic optical studies. [15, 16, 17] In our preliminary
results, not shown here, ETHz transiently and nonlinearly
decreases in intensity with increasing the applied volt-
age under the constant illumination of the femtosecond
optical pulses, which may indicate the formation of the
conducting path (the occurrence of the persistent photo-
induced IM transition described before). Therefore, we
surmise that the ultrafast formation of the photogener-
ated metallic patch embedded with the insulating matrix
is essential to generate the THz-pulse and their nonequi-
librium dynamics play an important role in understand-
ing the observed ETHz(T ) behavior. Further studies us-
ing a dipole antenna are needed to clarify the generation
mechanism and now in progress.
Our findings of the THz radiation from PCMO having
a perovskite structure open the wide range of the related
materials for future ultrafast optical devices. PCMO as
well as other perovskite-type transition metal oxides may
be potential candidates for intense THz emitters; the re-
flectivity of these materials at 800 nm used in the pho-
toexcitation is about 20%, so the light is effectively ab-
sorbed. Further experiment under a magnetic field is of
great interest. From a fundamental viewpoint, the stud-
ies of the ultrafast phenomena in manganites, charac-
terizations of the THz radiation in the time-domain are
expected to give fruitful information in the underlying
physics of manganites.
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